Objective: The traditional dyadic dynamics of the medical encounter has been altered into a triadic relationship by introducing the computer into the examination room. This study defines Patient-Doctor-Computer Communication (PDCC) as a new construct and provides an initial validation process of an instrument for assessing PDCC in the computerized exam room: the e-SEGUE.
Background

Patient-doctor communication (PDC) and patient-centered care
Patient-centered care mainly focuses on organizing healthcare delivery around the patient's needs [1] and is frequently postulated as a preferred approach to patient care [2] . The concept of patient centeredness has received numerous definitions. For example: Balint [3] defines patient-centered medicine as understanding the patient as a unique human being; McWhinney [4] refers to understanding the patient's experience of illness. Other definitions offer specific components such as: maintaining a bio-psychosocial perspective, understanding the patient as a person, sharing power and responsibility, developing a therapeutic alliance and being aware of the subjectivity of the physician as a person [5] [6] [7] . There is no doubt, however, that medical care requires effective physician-patient communication that can be achieved through patient centeredness [6] .
The importance of PDC is recognized both in practice and in the literature: In practice, organizations such as the Institute of Medicine (IOM), the Accreditation Council for Medical Education (ACGME) and the American Board of Internal Medicine, require medical students and residents as of 2004 to demonstrate communication competencies in order to receive their certification [8, 9] . In the theoretical field, medical research has attempted to define the necessary ingredients for conducting an effective consultation by establishing guidelines related to physicians' tasks, strategies and skills that should be carried out during the medical encounter. Guidelines are provided by multiple sources with the most salient ones being : the task approach [10] , the three function model [11] , the four habits model [12] , the Smith model [13] , the Kalamazoo consensus statements [14] , the Calgary-Cambridge guides [15] , the SEGUE framework [16] , the Macy Model Checklist [17] , the MAAS-Global [18] and the Roter Interaction Analysis System [19] .
PDC in the computerized exam room
The use of computers in healthcare has significantly evolved in the past two decades from word processing, office management, and billing to more complex dimensions of healthcare, such as: diagnosis, consultation, education, and treatment [20] . As computers become an integral part of medical care, the use of Electronic Medical Records (EMRs) in primary care is increasing rapidly. Nearly 100% of Australian physicians use EMRs during the medical encounter. Similar rates have been reported in the Netherlands, New Zealand, Israel and Germany, whereas Canada and the US are falling behind, with implementation rates of 25% [21] .
The introduction of EMRs into all levels of care, clearly entails substantial potential advantages to healthcare [20, [22] [23] [24] . Therefore, research examining the effects of EMR use on the patient-doctor relationship and patient satisfaction is called for. The computer has been defined as a 'third party' in the medical encounter, and has been found to alter the interaction dynamics between physician and patient [25, 26] . It is also clear that the computer has changed physicians' behavioral patterns during the consultation, thus resulting in a diverting effect on various aspects of patient-centered care [14, 25, 27, 28] . As the computer adds a new dimension to the patient-doctor relationship, it appears necessary to define a new construct that takes into account computer-related communication skills: Patient-Doctor-Computer Communication (PDCC). In order to measure the PDCC construct, we developed a new tool for assessing physician communication skills during the medical encounter while using the computer.
Objective
This study focuses on defining and validating a measurement tool to assess the necessary communication skills required for establishing effective PDCC which can be viewed as a potential extension of the SEGUE and represented as the e-SEGUE.
Methods
Patient-doctor-computer communication (PDCC) -scale development methodology
This study's primary objective is to develop and validate a physician communication skills assessment tool that is suitable for a computerized work environment, since to date such a tool has not been identified. To this end, we have selected the methodology presented by MacKenzie et al. [29] . It offers specific and structured steps for measurement construction and validation and has been published in Management Information Systems Quarterly (MISQ), which is considered one of the most prestigious journals in the information systems discipline. By applying this structured methodology we wish to carry out a successful and accepted construct and measure. Concerns have been raised that existing literature does not use sufficient validation techniques when developing new instruments [29] [30] [31] . MacKenzie et al. [29] attempt to address these concerns and identify the specific shortcomings in existing scale development studies. They assert that these fail to adequately define the construct domain, fail to correctly specify the measurement model and underutilize techniques for establishing construct validity. They offer an updated set of recommendations for scale development that comprise several steps and include: (1) developing a conceptual definition of the construct; (2) generating items that represent the construct and (3) assessing the content validity of the items.
The e-SEGUE assessment tool development process
Step 1: construct conceptualization Understanding the actual effects of computerization and EMR use on the patient-doctor relationship has not reached its full extent [23, 32] . The literature on PDC in the computerized examination room can be divided into two general categories: descriptive research, which mainly describes physician behavioral patterns during computer use [33] and prescriptive research, which attempts to elicit proper behavioral guidelines for communicating with patients in the computerized exam room [23, 25, 34] .
MacKenzie et al. [29] stress the importance of defining the conceptual domain to which the focal construct belongs and the entity to which it applies. In the case before us, the property of the PDCC construct refers to communication skills. The entity to which the construct applies is the physician. In other words, the construct PDCC refers to the physician's communication skills that are applied to maintain patient-centered care while using the computer in the primary care clinic.
According to the first step of Mackenzie's methodology, we describe the construct's conceptual theme, referring to its fundamental necessary and sufficient characteristics. Following this methodology we define a new construct, patient-doctor-computer communication (PDCC) as the physician's ability to provide patient-centered care while using the computer during the medical encounter. We stress, in line with previous research, that the computer must be practically recognized as a third and significant actor in the medical encounter, and thus, relevant communication skills must be acquired and practiced [25, 26] .
Step 2: item generation The second step of measurement construction suggested by Mackenzie et al. [29] concentrates on generating the items which will constitute the PDCC assessment tool and will be applied to assess PDCC later on.
The items constituting the PDCC assessment tool have been obtained through a comprehensive literature review which included the state of the art model of evidencebased computer-related communication skills developed by Duke et al. [35] . Overall, we have been able to generate 27 computer-related communication skills that intend to facilitate a patient-centered encounter in the computerized exam room. These were refined and modified as part of our content analysis validation process and resulted in a total of 23 final items.
PDCC communication assessment tool -framework selection
In line with a patient-oriented workflow which focuses on details of communication sequences and activities of the medical encounter [1] , this study applies the SEGUE framework, which is considered a valid, reliable and acceptable tool for assessing PDC [36] . The choice of the SEGUE is based on a profound evaluation of existing communication skills assessment framework and tools conducted by Schirmer et al. [37] . The evaluation process examined three characteristics: psychometric properties (presence and strength of psychometric data), practicality/usability (rating ease of use when considering who the raters of the instrument would be, complexity of the instrument and length) and overall value (summary of the study's evaluators' general impression of the instrument).
Schirmer et al. show that checklists (as applied for example by the SEGUE, Macy Model and Kalamazoo consensus statements) provide clear behavioral definitions for less experienced observers which may improve reliability of the instrument's rating results. Rating methods which apply criteria scales require a high level of expertise in medical communication in order to provide reliable rating results. None of the existing physician communication assessment tools described in the evaluation process received high evaluations on all parameters (psychometric properties, practicality/usability, and overall value). As such, the researcher is left to make the choice by the best fit for the study's purpose as well as reasonable psychometric properties. The SEGUE satisfies these two criteria as stated above. The workflow described by the SEGUE views the medical encounter as divided into five main stages (whose initials constitute the acronym): Set the stage, Elicit information, Give information, Understand the patient's perspective and End the encounter.
Step 3: content validity assessment
The third step towards measurement construction according to MacKenzie et al.'s methodology [29] is assessing the content validity of the items. To this end, we have conducted a two-phased experts' panel. The first phase consisted of an expanded panel, meaning that it targeted a larger pool of participants in relevant fields, such as: faculty members in health administration, residents and interns and medical school students. The second phase included a panel which consisted of a small number of primary care physicians, specifically familiar with the field of patient-doctor communication and implementation of EMRs. The purpose of the first phase was to establish an initial validation of the 27 PDCC behaviors whereas the second phase was targeted towards obtaining the perspective of specialists in the PDCC domain.
Participants were recruited via e-mail invitations.
Phase 1 -general panel
The first phase of content validity assessment intended to reach as many participants as possible that have some familiarity with EMRs, patient-doctor communication, patient interviewing and communication skills. The panel took place in several different locations in order to obtain a wide perspective: universities, public hospitals, private hospitals and medical schools. Respondents from faculties of medicine and health administration in Israeli colleges and universities received a personal explanation regarding this study's purposes and the communication assessment tool at hand. Other respondents who could not be physically reached (practicing physicians and interns), received the questionnaire via e-mail along with a detailed written explanation. Due to difficulties in participant recruitment, the sample should be considered a convenience sample. Data was collected by distributing paper-based questionnaires, or by using Google's web survey (Google docs form) which was e-mailed to potential respondents. Responses to all surveys were anonymous. Table 1 illustrates the demographics of the expanded panel participants.
The first survey consisted of 48 respondents that were asked to rate each of the 27 behaviors on a scale ranging from 1 to 5 (where 1 = behavior is not relevant at all for establishing effective physician-patient communication while using the computer, and 5 = behavior is essential for establishing effective physician-patient communication while using the computer). Most of the respondents were students from the Faculty of Medicine in the Galilee, Israel (60.4% of the respondents) who participated in a course addressing physician patient communication in the computerized setting. Other respondents consisted of primary care physicians working in the Israeli public health system (25% of the respondents), as well as university researchers and medical educators from different health sectors (secondary care and medical education) (14.6%).
Percentage of agreement was calculated by adding up the frequencies of high ratings on the scale (4 = behavior is important for measuring the PDCC construct and 5 = behavior is essential for measuring the PDCC construct) for each of the 27 behaviors. We conclude that the rating of 3 is more typically viewed by respondents as a midpoint indicating indifference and, therefore, believe that adding this rating would not adhere to the required rigor we sought to achieve in this test. As such, we have computed only ratings of 4 and 5 in order to decide whether or not the item is essential for measuring the construct (in line with the definition of content validity).
Between-groups analysis
Since students accounted for 60% of the sample, we decided it would be appropriate to carry out an analysis of the differences in ratings between students and professional respondents. In order to do so, we split the respondents' data into two groups: students and professionals. In order to find out whether there was a statistically significant difference in the ratings provided by each group, we carried out a Mann-Whitney's U test which is suitable since our sample is less than 30 participants in each group, a normal distribution cannot be assumed and ratings were provided on a categorical scale.
Phase 2 -experts panel
The purpose of the second panel was to bring together primary care physicians, experts in the field of patientdoctor communication and proficient in PDCC, in order to discuss the first panel's results and the 27 PDCC behaviors. This phase included 8 participants -leaders in national healthcare decision-making, CEOs of private and public hospitals, the chief of information technology in the public health administration, head of the primary care unit in one of the largest HMOs in Israel and physicians that are responsible for the PDC curriculum in medical schools.
The physicians at hand hold many years of experience in patient interviewing as well as implementing EMRs into the primary care workflow. As such, they are best informants for the task of refining the e-SEGUE items.
The panel members were asked to follow the SEGUE workflow while evaluating the PDCC construct via the measurement items. The expert opinions also revealed agreement regarding the need to rename and reframe the SEGUE to e-SEGUE in line with the adoption of the PDCC construct.
Results
Phase 1 -general panel Table 2 illustrates the results of the first stage of the content validity analysis -the general panel. The table presents the level of agreement that the item should be included in order to measure PDCC, while taking into account ratings that view each behavior as important or essential for establishing effective PDCC. A threshold of 50% was set to determine sufficient agreement that the behavior should be maintained. Meaning that behaviors Rarely use an EMR 12.5
Use an EMR on a daily basis 22.9
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receiving under 50% agreement were considered for further discussion. Items that received low level of agreement (under 50%) are marked with "*". This stage resulted in a total of 20 items that received high ratings (over 50% of agreement). The seven items that received considerably low ratings were assessed in the second phase -the experts' panel.
Between-groups analysis
Most of the respondents (60%) were students from the Faculty of Medicine. Though they have participated in a course addressing physician patient communication in a computerized setting, they had little or no experience with working with EMRs or integrating them into an actual medical encounter. In order to find out whether there are significant differences in the ratings provided by students (which lack experience in patient interviewing and EMR use) and the more professional respondent, we carried out the Mann-Whitney U test.
Mann-Whitney's U test was carried out for each of the items and was based on splitting the sample into two groups of subjects. When the total sample is smaller than N = 61, SPSS can produce the exact probability.
The student group consists of 29 participants (N = 29) and the professionals group consists of 19 (N = 19). Results of the Mann-Whitney U test were non-significant for all items, meaning that we could not show differences in ratings between the two groups, consequently, it is appropriate to combine the two groups into one sample Table 3 shows the results of the test. It is important to note that these results are restricted to the sample size.
Phase 1 -general panel Table 2 illustrates the results of the first stage of the content validity analysis -the general panel. The table presents the level of agreement that the item should be included in order to measure PDCC, while taking into account ratings that view each behavior as important or essential for establishing effective PDCC. A threshold of 50% was set to determine sufficient agreement that the behavior should be maintained. Meaning that behaviors receiving under 50% agreement were considered for further discussion. Items that received low level of agreement (under 50%) are marked with "*". This stage resulted in a total of 20 items that received high ratings (over 50% of agreement). The seven items that received considerably low ratings were assessed in the second phase -the experts' panel. Table 4 illustrates the results of the second phase, experts' panel assessment of the items. More specifically, it presents items that should be maintained/discarded/ modified in light of the first, expanded panel and in general.
Phase 2 -experts panel
Items that should be discarded
The expert panels' results revealed that previewing the EMR before the patient enters the room is, in most cases, not possible and therefore the item should be discarded. The panel agreed that several items should be discarded due to an overlap with other items including: establishing reason for visit based on patient need, signaling shifts towards the computer, using transition statements and using verbal and non-verbal cues regardless of the computer. Note that these items were not regarded as unnecessary for establishing PDCC, as they merely overlapped with other existing items.
Items that should be maintained
The experts argued that introducing the computer and its role is an important task and entails involving the computer in the encounter as an actual actor. Moreover, there are medical settings that require identification of the patient and uploading his EMR by using a magnetic card (e.g., in Israel). The action of requesting the card and uploading the EMR may disrupt the flow of the conversation and cause the physician to interrupt the patient, yet is unavoidable. Describing security and confidentiality was regarded by the panel as necessary in specific scenarios. Repositioning the screen in order to share information with the patient was also regarded as important since it can enhance the feeling of collaboration and patient involvement, while allowing the patient to confirm/correct his EMR information. Encouraging patient participation in building their charts also offers the patients an opportunity to correct errors in their records and/or approve certain information in their charts. The issue of patient literacy has been raised by the panel as extremely important, especially while using the computer for patient education purposes and therefore should be included.
Items that should be modified
The panel suggested that reading back information is an important task that helps verify information as well as avoid awkward silence. However, the panel members agreed that it may be too difficult to type-in, read back and look at the patient at the same time. Therefore, looking at the patient at this time had been discarded from the items. The panel members suggested a new item for further consideration: Type-in and document information provided by the patient, as this basic task may, at many times, be neglected or left to the end of the encounter. Table 5 presents the final 23 behaviors which constitute effective PDCC based on the final results of the experts' panel, composing the e-SEGUE measurement tool.
Study limitations
The first phase of content validity assessment mainly consisted of students from the Faculty of Medicine (60.4% of the respondents). Though they participated in a course addressing physician patient communication in the computerized setting, they had little or no experience with working with EMRs or integrating them into an actual medical encounter. We recognize that it is of great value that respondents of the content validity stage represent the target population as much as possible. However, it is important to note that this study's target population is very specific (primary care physicians with sufficient experience in patient interviewing and EMR use) and as such, studies which target this specific population usually use relatively small sample sizes [38, 39] . Mackenzie et al. [29] also recognize that in many cases, reaching raters that are representative of the target population may not always be possible and therefore accept using college educated students as well as raters that have sufficient intellectual ability as well. In this particular case, however, the topic of PDCC is rather familiar to the wider population as well, since most have experienced PDCC from the patient's perspective. Moreover, we have conducted a statistical test of the differences in ratings between the students group and the rest of the respondents and found that there are It is also important to note that this study took place in an environment in which EMR use is mandatory and well integrated into primary care physicians' workflow. This may create a certain bias in ratings of the items. However, since EMR implementation is considerably increasing around the world, we presume that the results are applicable to other settings as well.
Finally, this study has not focused per-se on the patient's perspective regarding the PDCC behaviors. Such input is extremely valuable. This point as well as further statistical measures for validating the e-SEGUE are called for.
Discussion
For maximizing the significant potential of EMR systems to positively impact patient care quality and safety, they must be integrated into the medical encounter in a manner that supports patient centerdness [35, [40] [41] [42] . The change in PDC dynamics, caused by EMR use [25, 32, 43, 44] , requires reexamining the necessary skills and communication behaviors for establishing effective PDC. Since existing communication assessment tools and models do not take computer use into account [13, 19, 35, 45, 46] , this study identified 27 behaviors that will bridge this existing gap and can be considered for further examination in the extended framework represented by the e-SEGUE.
The identification of these items was based on a careful literature review, wider students' perspectives as well as international expert consultation. Subsequently, a validation procedure based on user feedback reduced the number of items suitable for the assessment tool down to 23. The Mackenzie et al.'s methodology for measurement construction was meticulously followed, and the choices made (such as the SEGUE framework selection) carefully defended in the former sections. As far as we can tell, this is the first attempt of its kind to make such an instrument available for service, education and research. As such, it is a ground-breaking study.
The e-SEGUE developed in this study still requires further steps of tool development and validation, such as: assessing the scale's validity (sensitivity, concurrent validity, inter-rater reliability), developing norms for the scale, piloting the instrument, and additional validity and reliability testing. Moreover, the patient perspective regarding these behaviors as well as an empirical evaluation of patient satisfaction related to enhanced practitioner computer-side skills has not been part of this study. Such input would be quite valuable in the future.
It is also important to note that this study took place in a healthcare system in which EMR use is practically universal and integrated in all physicians' workflow for many years (up to 23 years in some of the settings [25] ). However, since EMR implementation is considerably increasing around the world, we presume that this study's results are applicable to other settings in which EMRs are still under deployment as well. Moreover, in settings in which EMR systems are being deployed, the e-SEGUE will be a very welcome addition to the training and monitoring of the newly deployed innovation.
Significance
The proposed construct and instrument are a necessary step in making sure that the new era of PDCC is represented by corresponding basic definitions. They can be applied for teaching, service and research purposes in Healthcare Management and Health Professions Education. It can likewise serve as a benchmarking tool for education and practice. The PDCC behaviors developed and initially validated in this study will contribute to fostering patient-centered medicine in the computerized setting, currently compromised due to the cognitive demands involved in computer use at the clinic as well as lack of awareness and training in the domain [8, 23, 47] . Enhancing patient-centered care at the primary care level and improving the encounter can contribute towards providing better quality of care.
Conclusion
The PDCC construct, as well as the new instrument, the e-SEGUE, offer promising initial steps in making Understand the patient's perspective 21 Apply verbal communication skills while using the computer, use verbal skills that demonstrate active listening: continuers (uh-huh, go on, I see), echoing statements (back channeling), short requests (tell me more), and short summarizing statements 22 Apply non-verbal communication skills while using the computer: when the patient is talking or when information is provided to him, face the patient: head, eyes, and torso toward the patient, remove hands from the keyboard or mouse, push the monitor away, and give the patient her undivided attention
End the encounter 23 Provide patient handouts (or Web site references) and information about community support services, medication side effects, and follow-up appointments
